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Abstract: Fluxbrane inflation is a stringy version of D-term inflation in which two fluxed
D7-branes move towards each other until their (relative) gauge flux annihilates. Compared
to brane-antibrane inflation, the leading-order inflationary potential of this scenario is
much flatter. In the present paper we first discuss a new explicit moduli stabilisation
procedure combining the F - and D-term scalar potentials: It is based on fluxed D7-branes
in a geometry with three large four-cycles of hierarchically different volumes. Subsequently,
we combine this moduli stabilisation with the fluxbrane inflation idea, demonstrating in
particular that CMB data (including cosmic string constraints) can be explained within
our setup of hierarchical large volume CY compactifications. We also indicate how the
η-problem is expected to re-emerge through higher-order corrections and how it might be
overcome by further refinements of our model. Finally, we explain why recently raised
concerns about constant FI terms do not affect the consistent, string-derived variant of
D-term inflation discussed in this paper.
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1 Introduction
Realising inflation in string theory has turned out to be a challenging problem. Amongst
the models investigated in this context, many fall into a popular class known as brane
inflation [1]. Here the inflaton is associated with the relative distance between a brane and
an antibrane [2] or between two D-branes [3, 4].
This is a rather attractive setting because, in analogy to D-term [5, 6] or (more gener-
ally) hybrid inflation [7, 8], the energy density is dominated by a constant term as long as
the branes are far apart. In this regime, the potential can be naturally flat. Later, once the
branes have approached each other up to a certain critical distance, tachyon condensation
takes the potential to zero almost instantaneously.
– 1 –
Unfortunately the simplest variant, where a brane and an antibrane annihilate at the
end of inflation, cannot work since the size of the compact space does not allow for a
sufficient brane-antibrane separation [2]. In other words, in spite of the promising idea,
the potential turns out to be too steep. While this can in principle be overcome by strong
warping [9], one is eventually forced to play various higher-order corrections off against
each other [10–13]. This amounts to fine-tuning the inflaton potential such that inflation
occurs close to an inflection point. One might thus feel that the original idea of ‘stringy
hybrid inflation’ is lost.
To maintain the ‘hybrid inflation paradigm’, we therefore return to brane inflation
models with two D-branes [3, 4]. The first of these is ‘inflation from branes at angles’ [3],
which has its natural home in Type IIA orientifold models with D6-branes. Our fluxbrane
proposal, to be discussed momentarily, can be viewed as the Type IIB mirror dual of this
class of models. It hence has the enormous advantage of better control concerning moduli
stabilisation. The second, D3/D7 inflation [4], has serious issues which we aim to overcome:
In D3/D7 inflation, supersymmetry is broken by non-selfdual flux on the D7-brane. As the
D7-brane is much heavier than the D3-brane it is, in general, the latter which moves in the
geometry of the fluxed D7-brane. As it turns out, this realisation of D3/D7 inflation suffers
from a similar problem as the brane-antibrane proposal [2], i.e. the potential is too steep.
As possible ways out, a fine-tuned ‘small field’ version or the use of a highly anisotropic
orbifold have been suggested in [14]. Alternatively, one might consider a setting where the
fluxed D7-brane moves, probing the geometry produced by a large-N stack of D3-branes
[15].
While these suggestions certainly warrant further detailed investigation, we believe
that “fluxbrane inflation” [16] provides a more direct approach to ‘stringy D-term inflation’.
The basic idea behind fluxbrane inflation is easy to state: The inflaton is associated with
the relative distance of two D7-branes which carry non-selfdual worldvolume flux F . Once
the branes come sufficiently close, (part of) the flux annihilates and the universe reheats.
While this tachyon condensation process releases an energy density ∼ F 2 (the constant
term in the potential), the brane-distance-dependent attractive part of the potential is
∼ F 4 (cf. section 1 of [16] for an intuitive explanation of this important technical fact). In
other words, very schematically the inflaton potential has the form
V (ϕ) ∼ F 2 + F 4 logϕ . (1.1)
In the large-volume limit, where the flux density F → 0, this gives us an obvious advan-
tage over brane-antibrane scenarios: The ϕ-dependent term is more strongly suppressed
than the constant, making the (leading order) potential flat enough for many e-foldings.
Furthermore, when comparing to D3/D7 inflation (which is otherwise closely related), we
do not have to appeal to the very large N of the D3-brane stack in order to make the D7-
brane move. We finally note that, in addition to being T- or mirror-dual to [3], a different
T-duality relates our setting to Wilson line inflation [17].
In the analysis of fluxbrane inflation in [16], moduli stabilisation was essentially taken
for granted. This is a strong assumption for two reasons. On the one hand, our scenario
requires specific values for certain parameters of the compactification. It has therefore to
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be checked that these values can indeed be attained. On the other hand, the physical
effects invoked to stabilise moduli tend to destroy the flatness of the inflationary potential,
an effect well familiar also in other classes of brane inflation [9, 10, 18–20]. Hence, the
flatness of the potential has to be checked after moduli stabilisation.
As we will demonstrate in some detail in the following, moduli stabilisation is possible
in the phenomenologically required regime. This is the focus of the present analysis. Con-
cerning the flatness of the potential after moduli stabilisation, we will at least be able to
identify the most dangerous higher-order corrections. We will then present a strategy for
suppressing them within our scenario, postponing a more thorough discussion to a further
publication [21].
The size of curvature perturbations in fluxbrane inflation is governed by the inverse
volume, forcing us into a regime where the volume V is very large. Ka¨hler moduli stabilisa-
tion is then naturally realised in the Large Volume Scenario [22, 23]. The latter is based on
the interplay between α′- and non-perturbative corrections to Ka¨hler and superpotential,
resulting in a non-supersymmetric AdS vacuum. This vacuum is then uplifted by some
additional positive contribution to the vacuum energy density, such as fluxes on D7-branes
[24–31] or D3-branes in a warped throat [9, 32, 33]. As will be worked out in section 2,
using the first of these two possibilities in the context of fluxbrane inflation requires two
independent flux-effects: One of them annihilates at the end of inflation, when the two
relevant D7-branes meet. The other flux can not annihilate given that certain topological
requirements are fulfilled. This flux is responsible for the uplifting to a Minkowski vacuum,
which has to remain intact after reheating.
Appropriately suppressing the cosmic string contribution to CMB fluctuations is a
crucial issue in brane or D-term inflation. In our scenario, the stability of cosmic strings is
not completely trivial (cf. the discussion in [34]). To be on the safe side, we consider the
worst-case scenario of topologically stable (local) cosmic strings rather than their semilocal
cousins [34–38]. Cosmic string suppression then requires a hierarchy of four-cycle volumes
in the internal manifold [16]. This forces us to go beyond the simple ‘warm-up’ model
of section 2. Thus, in section 3, we embed our model of inflation in a hierarchical Large
Volume Scenario, along the lines of [39, 40].
In this scenario, one is dealing with at least three Ka¨hler moduli and stabilisation
relies, in addition to α′- and instanton effects, on gs- or loop-corrections to the Ka¨hler
potential [41–44]. In our case it turns out that, for being able to satisfy all phenomenological
requirements, the minimal number of Ka¨hler moduli is four. We work out in detail how
the three resulting contributions to the scalar potential combine with the D-term to give
rise to a Minkowski/de Sitter minimum in which all Ka¨hler moduli are stabilised.
To the extent that this is possible, we follow the discussion of the simple model of
section 2. In particular, the Ka¨hler modulus of the ‘small’ four-cycle carrying the instanton
can be integrated out right away. We are then left with the Ka¨hler moduli of the three
large four-cycles. It is convenient to think in terms of the Calabi-Yau volume and two
dimensionless ratios of two-cycle volumes. The latter are fixed by the interplay of gs-
corrections and the D-term. Thus, one arrives at a fairly simple potential involving only
the total volume. It is then possible to demonstrate stabilisation maintaining (almost)
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complete analytical control.
We end up with large overall volume (V ' 3.5× 107 in units of `s in the 10d Einstein
frame) and large tree-level superpotential (W0 ' 2 × 103). The string coupling gs is well
in the perturbative regime (gs ' 3× 10−2). Therefore, moduli stabilisation is achieved in
a way consistent with all phenomenological requirements formulated in [16].
Such a large value of W0 certainly bears the danger of violating the D3 tadpole con-
straint. In particular, translated into the language of F-theory compactifications, one needs
an elliptically fibered fourfold X4 with a large Euler characteristic χ(X4) to allow for a siz-
able W0 [45]. As we will see, the Euler numbers which have been found in [46] are sufficient
for our purposes.
Combining the idea of “fluxbrane inflation” (with all its phenomenological constraints)
with moduli stabilisation within hierarchical Large Volume Scenarios turns out to lead to a
rather restrictive setting: For example, it was not possible to find a model with only three
Ka¨hler moduli in which one has parametric control over the size of the ratio m3/2/mKK
and, at the same time, has all intermediate-size two-cycles parametrically large. While we
were able to overcome this issue in a model with four Ka¨hler moduli, we had to give up
the idea of realising the uplift of the AdS minimum to Minkowski via a D-term. Thus,
in section 3 we need to do this uplift by means of a different contribution to the vacuum
energy density which, for concreteness, we chose to be D3-branes. It would be interesting
to investigate in more detail under which circumstances the idea of an uplift induced by
fluxes on D7-branes can be realised. However, this is beyond the scope of this paper.
To have a convincing model of stringy D-term inflation, it is of course necessary to
control inflaton mass corrections from the F -term potential. There are numerous sources
for such terms. First of all, we have to choose the flux such that it does not stabilise
the D7-brane position via an explicit appearance in the superpotential. The requirement
for this (the flux has to be a two-form obtained by pullback from the ambient space) has
already been discussed in [16]. Next, it is clear that the Ka¨hler potential for D7-brane
positions is non-minimal. More specifically, the D7-brane modulus ζ appears in the 4d
supergravity Ka¨hler potential in the form [47, 48]
K ⊃ − log(S + S − k(ζ, ζ)) . (1.2)
Here k(ζ, ζ) is the Ka¨hler potential on the moduli space of D7-brane positions and S is
the axio-dilaton. It is thus apparent that, as soon as fluxes are turned on and some non-
zero W0 is generated, a mass term for ζ is induced in the F -term scalar potential. This
generically leads to an η-problem even if W0 is ζ-independent.
An exception occurs if k possesses a shift-symmetry, i.e. k(ζ, ζ) = k(ζ+ζ). This can be
the case in K3×K3 and certain orbifold models (see [15, 20, 49, 50] for similar attempts in
the context of D3/D7 inflation). Additionally, as we will explain in somewhat more detail
in section 4, we expect that the moduli spaces of generic Calabi-Yau compactifications have
corners where such a shift-symmetric structure arises at least approximately. However, this
is not the end of the story: One can see from equation (1.2) that the moduli spaces of axio-
dilaton S and D7-brane modulus ζ are intertwined in a non-trivial fibration. Hence, the
S-dependence of W0 potentially induces a non-trivial ζ-dependence.
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Furthermore, gs-corrections to the Ka¨hler potential, which are used in section 3 to
stabilise part of the Ka¨hler moduli, are known to depend on open string moduli. All these
effects can possibly spoil the nice properties of the fluxbrane inflation scenario. Section 4
is dedicated to investigating these issues. While we are optimistic that a viable region in
the parameter space can be found, the analysis of this section is not yet conclusive. This
set of problems is still under investigation [21].
Finally, we want to discuss our model in the light of an old question regarding the
nature of the D-term in supergravity (see e.g. [34, 51]). Recently, this issue has received
some renewed interest in the work of [52–58]. In particular, the authors of [52, 54] showed
that in supergravities which emerge in the low-energy limit of a string compactification
it is inconsistent to have a constant FI term. This is in complete agreement with the
well-known structure of the D-term potential arising from string compactifications. These
results also rule out models in which the FI term is dynamical at first, but then assumed
to be stabilised at a certain scale such that it can be viewed as a constant from the point
of view of a supersymmetric low-energy effective theory. We address this issue in section 5
by computing the relevant moduli masses. It turns out that the forbidden regime with an
effectively constant D-term can not be realised in our stringy setting and is indeed not
necessary for D-term inflation to work.
2 Moduli Stabilisation - Basic Setup
2.1 Phenomenological Requirements
Fluxbrane inflation [16] is a stringy realisation of D-term hybrid inflation [5, 6]. In this
scenario two D7-branes in a Type IIB orientifold compactification on a Calabi-Yau threefold
X3 are wrapped around two representatives of a holomorphic divisor class of X3 (see [59]
for a review). The modulus which describes the relative deformation of the two branes is
associated with the 4d inflaton. Supersymmetry is broken by gauge flux on the D7-branes.
To this end it is most convenient to describe the U(1) gauge theories on the D7-branes in
terms of their overall (U(1)+) and relative (U(1)−) piece. We will have more to say about
gauge flux for the U(1)+ theory later on. What is important for the inter-brane potential
is the relative gauge flux F− in terms of which the effective potential for the canonically
normalised inflaton ϕ is given by [16]
V (ϕ) = V0
(
1 + α log
(
ϕ
ϕ0
))
(2.1)
with
V0 =
1
2
g2YMξ
2
− , α =
g4YM
32pi3
(∫
D7
J ∧ F−
)2
, ϕ20 ∼ ξ− , (2.2)
g2YM =
2pi
1
2
∫
D7 J ∧ J
, ξ− =
1
4pi
∫
D7 J ∧ F−
V . (2.3)
The D-term for U(1)− is denoted by ξ−. In the above formulae it has already been imple-
mented that the D3-brane charge induced by the relative flux vanishes,
∫
D7F− ∧ F− = 0.
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As discussed in [16] this specialisation helps circumvent phenomenological constraints due
to cosmic string production at the end of inflation. The reference field value in the log-
arithm is chosen to be the critical field value ϕ0 below which a tachyon appears in the
spectrum.1 Throughout this paper we will measure 4d quantities in units of the reduced
Planck mass Mp, while internal quantities such as lengths are measured in units of `s in
the 10d Einstein frame (cf. appendix A).
As discussed in the introduction, the energy-density during inflation comes primarily
from the constant term in the potential, while the logarithm presents only a small variation
of that constant. When ϕ approaches the critical value ϕ0, tachyon condensation sets in
and the universe reheats.
The potential (2.1) is subject to several phenomenological constraints [16]: First, one
can show that the slow-roll conditions are satisfied very naturally in the large volume
regime. Secondly, the prediction for the spectral index ns in terms of the number of e-
foldings N
ns ' 1− 1
N
= 0.983 for N = 60 (2.4)
agrees with experiment at the level of 2σ (ns = 0.968± 0.012 at 1σ according to WMAP7
[60]). Finally, the amplitude of adiabatic curvature perturbations ζ˜ ≡ V 3/2/V ′ is deter-
mined by measurements as
2N
ζ˜2
=
α
V0
=
2V2
1
2
∫
D7 J ∧ J
' 4.2× 108 for N = 60. (2.5)
Assuming that, for the present purposes, the internal manifold can be characterised by a
single length scale R we find
R ' 11, V ' 1.7× 106. (2.6)
To the best of our knowledge, the only way to obtain such a large volume in Type IIB
string compactifications is in the Large Volume Scenario [22, 23]. In the remainder of this
section we therefore outline how moduli stabilisation in fluxbrane inflation can work in
principle in this setting.
2.2 Moduli Stabilisation in the Large Volume Scenario - General Setup
It was found in [22, 23] that under certain topological conditions there exists a non-super-
symmetric AdS minimum of the scalar potential of Type IIB string theory compactified
on a Calabi-Yau orientifold. This minimum appears at an exponentially large volume of
the internal manifold and is therefore suitable for our purposes. To find this minimum one
applies a two-step procedure: First, the complex structure moduli and the axio-dilaton are
stabilised via bulk fluxes [61] and integrated out at a high scale, giving rise to a constant
tree-level superpotential W0. Due to the ‘no-scale’ structure of the Ka¨hler-moduli Ka¨hler
potential the resulting leading order F -term potential is identically zero. A non-zero scalar
potential arises at subleading order through α′-corrections in the Ka¨hler potential and
1A different choice, ϕ0 → ϕ0 × const., would be irrelevant at our level of precision.
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non-perturbative corrections in the superpotential. In a second step one then minimises
the effective potential for the Ka¨hler moduli resulting from these higher order effects.
D3-instantons can wrap internal four-cycles of the Calabi-Yau manifold. The corrected
superpotential is given by
W = W0 +
∑
p
Ape
−apTp , (2.7)
where the Tp = τp+ ibp denote the complexified Ka¨hler moduli of the instanton four-cycles.
The constants ap are given by ap = 2pi, while the Pfaffian prefactor Ap depends on the
complex structure moduli and the axio-dilaton (which are assumed to be fixed already)
as well as the open string moduli. The latter dependence could well be an issue for the
viability of our brane inflation model. For example, it is known that in the presence of
D3-branes the one-loop Pfaffian Ap involves the D3-brane position [10]. A similar effect
was argued to occur for D7-branes which carry flux with non-vanishing induced D3-brane
charge [62]. Recall from the discussion below (2.1) that our flux F− is chosen such that
the induced D3-brane charge vanishes (and the same can also be imposed on F+). The
effect of [10, 62] is therefore not expected to occur in our setup. It remains an open
question whether, for D7-branes, there is a possible open string dependence of the non-
perturbative superpotential beyond these effects. In particular, one must sum over all flux
configurations on the D3 instantons [63], which may introduce such a dependence via the
flux induced D(-1) charge. This could be avoided in geometries for which H(1,1) of the
instanton divisor only contains elements which are even under the orientifold involution,
such that the instanton cannot carry flux [63].
The second ingredient apart from the superpotential (2.7) is the Ka¨hler potential
including α′-corrections (which can be shown to be the leading corrections in inverse powers
of the volume [39])
K = −2 log
(
V + ξ
2g
3/2
s
)
− log(S + S) +Kcs. (2.8)
Here ξ = − ζ(3)χ(X3)
2(2pi)3
and χ(X3) is the Euler characteristic of the Calabi-Yau threefold
X3. Thus the resulting α
′-contribution to the potential is ∼ 1/V3. On the other hand
the non-perturbative corrections in the superpotential are exponentially small, leading to
a contribution ∼ e−apτp/V2. For both contributions to be equally relevant for creating a
large volume minimum of the scalar potential, one has to require some of the four-cycles on
which instantons are wrapped to be exponentially smaller than the overall volume of the
threefold. Suppose that there is one such small four-cycle whose modulus we will call τs and
whose intersection form is ‘diagonal’ with respect to all other four-cycles in the sense that
the only non-vanishing triple intersection number involving τs is its triple self-intersection
2
κsss. Then the volume can be written in terms of the four-cycle moduli as
V = V˜(τq,q 6=s)− cτ3/2s , (2.9)
2Note that in our conventions κsss > 0. As the small four-cycle with modulus τs is contractible to
a point, this means that in the expansion of the Ka¨hler form J the coefficient ts of the (1, 1)-form ωs is
negative, ts < 0. Here, ωs is Poincare´ dual to the small four-cycle.
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where c is related to κsss as c =
23/2
3!
√
κsss
. Furthermore, we require τq 6=s  τs such that the
overall volume V is large, measured in units of `s in the 10d Einstein frame. In this limit
the scalar potential is given by [22] (see also appendix B)
VF (V, τs) = V0,F
(
α
√
τse
−2asτs
cV −
β|W0|τse−asτs
V2 +
ξγ|W0|2
g
3/2
s V3
)
(2.10)
with α, β and γ some positive constants which depend only on |As| and V0,F some overall
gs-dependent prefactor. Their precise form is given in (B.7). This potential is already
minimised in the axionic (i.e. bs) direction. Since it is only the absolute value of W0 and
As which enter (2.10), in the following we will write W0 instead of |W0| etc.
Extremisation with respect to τs in the limit asτs  1 gives
asτs = log
(
2αV
βcW0
)
− 1
2
log τs = log
(
4asAs
3c
V
W0
)
− 1
2
log τs (2.11)
and thus
VF (V) ' V0,F
(
ξγW 20
g
3/2
s V3
− cβ
2W 20
4αV3a3/2s
log3/2
(
2αV
cβW0
))
, (2.12)
where we have neglected terms ∼ log τs. Both terms in the above expression roughly scale
like ∼ W 20 V−3. Generically, the same will be true for the value of the F -term potential
at its minimum. As this minimum is AdS, we need some extra positive contribution to
the energy density which lifts the potential at least to Minkowski. In our setup it seems
most natural to do this via a D-term. As we will see momentarily, such a D-term scales
like V−2 and will thus, in general, give rise to a runaway potential for V, unless the size of
the above F -terms is enhanced. The latter enhancement can be achieved via a large W0.
Considering only V and W0, we expect from these arguments that roughly W 20 ∼ V.
Before addressing in detail this question of a dynamical runaway in the closed string
moduli space, we first explain why potential instabilities in the open string moduli can
generally be avoided geometrically: During inflation the uplifting D-term is due to both
the relative gauge flux F− and the overall flux F+ on the two D7-branes. As detailed in
[16], the end of inflation is marked by a generalised recombination process between the two
D7-branes: F− is responsible for a tachyonic mode in the spectrum between both branes.
The resulting condensation leads to a bound state between the two branes in which the
relative U(1)− is higgsed. The remaining bound state continues to carry gauge flux F+,
whose D-term ξ+ is responsible for the uplift to Minkowski/de Sitter after reheating. To
guarantee stability of this D-term apart from the potential runaway in the Ka¨hler moduli
discussed below it must be ensured that no further condensation process occurs. The only
such process would be a generalised recombination between the brane bound state and its
orientifold image along their common locus or possibly a recombination between the bound
state and a different brane stack in the model. The appearance of a tachyon depends on the
pullback of F+ to the respective intersection loci and can thus be controlled by a suitable
choice of flux, see [16] for details. In particular this requires an explicit choice of orientifold
projection from which the brane-image brane intersection can be deduced. While we do
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not present such a concrete geometry in this work, these arguments are sufficient to show
that a run-away in the open string sector is in general not a problem.
2.3 A Two-Modulus Fluxbrane Inflation Model
As an illustrative example consider a two-modulus swiss-cheese model similar to the one
discussed e.g. in the original LVS publication [22]. In such a model the overall volume can
be expressed in terms of the two four-cycle volumes τb and τs as
V = bτ3/2b − cτ3/2s (2.13)
where b = 2
3/2
3!
√
κbbb
, c = 2
3/2
3!
√
κsss
, and τb  τs. Wrapping the fluxed D7-branes around the
large four-cycle Db and choosing flux F± = n±[Db] for the overall/relative U(1) theory
U(1)± of the brane pair induces a D-term potential [16, 47, 48]3
V ±D (V) =
1
16piV2
(∫
D7 J ∧ F±
)2
1
2
∫
D7 J ∧ J
=
1
16piV2 2n
2
±κbbb. (2.14)
The full scalar potential thus reads
V (V) ' V0,FV3
(
ξγW 20
g
3/2
s
− cβ
2W 20
4αa
3/2
s
log3/2
(
2αV
cβW0
)
+
2n2κbbb
gs
V
)
(2.15)
where n2 = n2+ +n
2−. Note that from now on we work in a gauge where eKcs = 1. Let f(V)
denote the term in the brackets on the right hand side of (2.15). Then, in the Minkowski
minimum after annihilation of F− (VD(V) = V +D (V)) we have f(Vmin.) = f ′(Vmin.) = 0.
Vanishing of f(V) in the minimum yields (to leading order in asτs ' log
(
4asAs
3c
Vmin.
W0
)
, using
also f ′(Vmin.) = 0)
as
gs
(
ξ
2c
)2/3
' log
(
4asAs
3c
Vmin.
W0
)
(2.16)
which can be used to rewrite f ′(Vmin.) = 0 as
W0 ' 2
3
n2+κbbb
Asgs
easτs
τ
1/2
s
. (2.17)
Plugging this back into (2.16) gives
Vmin. ' cκbbb
2asA2s
n2+
gs
e2asτs
τ
1/2
s
. (2.18)
3Since the flux of the relative U(1) theory will annihilate upon brane recombination, we cannot use it for
uplifting the minimum value of the potential to zero. Instead, we use V +D for the Minkowski uplift, while
V −D is some additional energy density which is present during inflation and which decays into standard
model d.o.f. upon reheating.
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Figure 1. Allowed values for gs and ξ in the simple two-Ka¨hler moduli model.
Setting n+ = 5,
4 κbbb = 5, κsss = 1 (such that c =
√
2/3),5 and As = 1 we find that for
Vmin. = 1.7 × 106 the parameters can be chosen to lie in the phenomenologically viable
regime (see figure 1): A value ξ = 0.1 implies gs ' 0.25. In view of equation (2.17) this
means
W0 ' 1× 105. (2.19)
It turns out that there is a tension between such a large W0 and the requirement to cancel
the D3 tadpole: The authors of [45] were able to reformulate the tadpole cancellation condi-
tion in a way which makes it obvious that, as long as all F -terms for the complex structure
moduli vanish in the minimum, W0 or rather
√
gs/2 W0 is bounded by
√
χ(X4)/24, where
χ(X4) is the Euler characteristic of the associated F-theory fourfold X4. In our example,√
gs/2 W0 ' 3.6 × 104, which would require χ(X4) ' 3.2 × 1010. To the best of our
knowledge, no fourfold with such a large Euler characteristic is known. Therefore, even
before considering the production of cosmic strings, the simple two-Ka¨hler moduli model
turns out not to work quite generically. One can go ahead and try to choose manifolds
with different intersection numbers and tune As etc. However, we will not go down this
4It turns out that there is a lower bound on n+ which is easy to understand: As n− is integrally
quantised, for a given n+ the uplift to de Sitter cannot be arbitrarily small. However, a large extra D-term
from the relative U(1) on top of the uplift to Minkowski may potentially wash out the de Sitter minimum
for the volume modulus. Therefore, the relative change in the size of the D-term before and after inflation
cannot be too large or, in other words, n+ has a lower bound. An analytical estimate of this lower bound,
performed in appendix C, gives n+ ≥ 4. For what follows we use a slightly more conservative n+ = 5. It is
then possible to show numerically that one can indeed obtain a Minkowski minimum for n− = 0 which is
uplifted to a stable de Sitter minimum for n− = 1.
5Large intersection numbers tend to exacerbate the problems discussed below. Here and in the next
section we take κbbb = 5 which is, for example, the triple self-intersection number of the quintic [64] and
appropriate blow-ups thereof [65, 66].
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road because, to be on the safe side concerning the cosmic string bound referred to in the
introduction, we have to consider models beyond this simple one anyhow (see the discussion
in section 3.1). Instead, we will show that in a slightly more complicated situation W0 can
actually be much smaller, such that the tension described above is absent.
Some further comments are in order, which also apply to the more general setup
discussed in section 3:
• As τs is given by equation (2.11) we find that, in view of (2.16),
τs ' 1
gs
(
ξ
2c
)2/3
. (2.20)
This can also be found using a different method (cf. appendix B).
• Uplifting an AdS vacuum through magnetised D7-branes has been discussed in dif-
ferent variants in [24–31]. Unless one appeals to a partial cancellation using charged
fields [28–31], the D-term potential scales as 1/V2. Since the F -term potential scales
as W 20 /V3, a successful uplift generically requires W 20 ∼ V. This is problematic for the
following reason:6 Estimating the Kaluza-Klein scale on the basis of T 6 with equal
radii, we have mKK =
√
pi/V2/3 ∼ 1/V2/3. At the same time m3/2 ∼ W0/V, which
should be parametrically smaller to justify the use of a 4d supergravity analysis.
However, one finds (with W0 normalised as in [61])
m3/2
mKK
=
√
gs
4pi
· W0V1/3 ∼ V
1/6 . (2.21)
This ‘goes the wrong way’ at large V (though it does so very weakly). In [28] it was
argued that due to the appearance of a large numerical factor 16pi4 in the denominator
of VD it is possible, for V ∼ 103, to uplift the AdS minimum to a stable de Sitter
vacuum with W0 = O(1). In view of (2.15) we believe that the situation is not quite as
simple: The only relative factors of 2pi between F - and D-term contributions come
from the definition of ξ. They suppress the F -term, making the situation naively
worse, but can be easily compensated by a large χ(X3). However, using the explicit
formulae (2.17), (2.18) and (2.20), we can make equation (2.21) more precise:
m3/2
mKK
=
n+
3
√
pi
√
κbbb
c
√
τs
· V1/6 . (2.22)
Assuming n+ ∼ c ∼ κbbb ∼ τs ∼ 1 this suggests that, at least in rough numerical
agreement with [28], a fairly large V can indeed be tolerated in spite of the ‘para-
metrical’ clash between m3/2 and mKK. However, it is not clear that a manifold of
swiss-cheese type with such intersection numbers exists. Furthermore, as elucidated
above, n+ = 1 does not allow for a stable de Sitter uplift. Larger intersection num-
bers and a larger value of n+ both deteriorate the situation, reducing the maximal
size of the overall volume consistent with the requirement m3/2 < mKK. On the
6 We thank Joseph Conlon and Fernando Quevedo for pointing this out.
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other hand, the four-cycle volume τs, which could in principle suppress the size of
the ratio (2.22), is essentially fixed at a value ∼ 1 by (2.18) and the requirement
Vmin. = 1.7×106. In particular, with the numbers used and computed in this section
we findm3/2/mKK ' 34 which means that there is no regime in which the supergravity
approximation is valid.
The authors of [28, 67] furthermore propose to use warping to suppress the D-term
even further. While this is certainly a very appealing possibility, we are hesitant
to use it for the D-term driving inflation: We fear that it might clash with the
shift-symmetry that we need to keep our inflaton potential flat. On the other hand,
including a further sector of D7-branes with flux in a warped region is certainly an
option: It might be used for the uplift from AdS to Minkowski.
Concerning the ‘inflationary D-term’, our suggested solution to the ‘D-term-suppres-
sion problem’ is a hierarchy between large four-cycles. Given that we have several
of those with significantly different volumes, we can arrange for the D-term to be
parametrically smaller than 1/V2.
In other proposals [28–31] the stabilisation mechanism crucially depends on the pres-
ence of non-trivial vevs for some of the charged matter fields which appear in the
D-term. These would arise from the intersection of the mobile D7-brane with other
branes in the compactification. A suitable choice of gauge fluxes can in general en-
sure the absence of such matter fields. Indeed this conforms with our assumptions
described at the end of section 2.2 concerning absence of extra instabilities in the
open string sector.
Finally, in [26] the authors consider only one Ka¨hler modulus which is charged under
the anomalous U(1) and which also appears in the non-perturbative superpotential.
Other proposals for uplifting mechanisms put forward in the recent literature include
[67, 68].
• We will find that in the hierarchical case discussed in section 3 the D-term is not
suitable for uplifting the AdS minimum to Minkowski. Therefore, we will need to
do the uplift by means of a different mechanism. For concreteness we will consider
D3-branes.
One might expect that such an D3-uplift would also help in the isotropic setup
discussed here, since the large n2+ in (2.17) would be absent. However, this turns out
not to be the case: The lack of parametric control over the ratio m3/2/mKK is still
an issue. The size of W0 is reduced only by a factor of
√
3/5 which appears because
of the different volume-scaling of the D3-brane energy density as compared to the
D-term. This factor is not nearly sufficient for solving the gravitino mass and the
D3-tadpole problems.
• From f ′(V) = 0 we find that the D-term contribution to the scalar potential (i.e. the
third term in (2.15)) is suppressed by a factor of asτs =
as
gs
(
ξ
2c
)2/3
relative to the
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first and second term in that expression. This means that the required uplift (i.e.
the value of the F -term potential at its AdS minimum) is smaller than the naive
parametric expectation, in agreement with the alternative derivation in appendix B.
While this tends to exacerbate the ‘D-term-suppression problem’ discussed earlier,
the effect is already included in equation (2.22) and does not change the moderately
optimistic conclusion drawn above.
• It should be clear from the above that in our scenario SUSY is broken at a high scale,
m3/2 ∼ 10−3, avoiding the Kallosh-Linde problem [69] in a ‘trivial’ way. While it
is interesting to investigate the possibility that, after reheating, a different moduli
stabilisation mechanism takes over and low-scale SUSY is recovered [70, 71], we do
not pursue this idea in the present paper.
3 Moduli Stabilisation - Hierarchical Setup
While we saw in the previous section that, within the Large Volume Scenario, it is possible
to stabilise the Ka¨hler moduli in an AdS minimum at exponentially large overall volume,
we ran into trouble trying to uplift the minimum to inflationary dS via a D-term potential:
For V ' 1.7 × 106 the required size of W0 is in tension with the D3-tadpole constraint
and makes m3/2 unacceptably large. On the other hand, this clash is not expected to be a
generic feature because in situations with more than two Ka¨hler moduli there are further
potentially small or large numbers to be considered. These are, in particular, the relative
sizes of four-cycles or two-cycles, respectively, and they may well improve the situation,
depending on the precise intersection structure.
In fact, considering these more involved models has turned out to be essential for a
completely unrelated reason: A more detailed analysis of the phenomenological require-
ments of fluxbrane inflation reveals that considering isotropic compactification manifolds
is actually not enough. In fact, one of the promising outcomes of [16] was that in fluxbrane
inflation the energy density of cosmic strings, which are formed upon brane recombination,
can be controlled by the relative size of two four-cycles.
We start this section by quickly recalling the most important phenomenological impacts
of cosmic strings in brane inflation and motivate the need for a hierarchy. This discussion
is followed by a brief review of how to stabilise the directions transverse to the overall
volume in models with more than two Ka¨hler moduli via string loop corrections. We
then perform a parametrical analysis of the model under consideration and pin down the
parametric regime in which the model works. Finally, we perform an explicit calculation
and exemplify the situation with a set of concrete numbers for all the quantities that are
involved.
3.1 Cosmic Strings and the Need for a Hierarchy
At the end of brane inflation cosmic strings are formed generically [72–74]. As these objects
carry some energy density they will leave an imprint on the CMB which one should be able
to measure in principle. The fact that measurements have not revealed the presence of
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cosmic strings yet constrains the energy density of these objects. Due to the complicated
nature of the bound state formed at the end of inflation, it is actually not immediately
clear whether the produced cosmic strings are topologically stable (local) in our fluxbrane
scenario. Since a detailed investigation of this interesting question is beyond the scope
of this paper, we assume a worst case scenario of local cosmic strings.7 The resulting
constraint can then be phrased as an upper bound on the value of the D-term ξ− during
inflation (ξ− ≤ ξcrit.) [76], which reads(∫
D7 J ∧ F−
)2
1
2
∫
D7 J ∧ J
. 8pi2 α
V0
ξ2crit.. (3.1)
We use the results from [77], which constrain the product Gµ of the cosmic string tension
µ and Newton’s constant G as (Gµ)crit. =
1
4ξcrit. ' 0.42× 10−6, i.e.(∫
D7 J ∧ F−
)2
1
2
∫
D7 J ∧ J
. 9.4× 10−2. (3.2)
It is thus clear that our compactification manifold needs to have at least two ‘large’ four-
cycles with hierarchically different volumes in order for the cosmic string bound to be
satisfied. This leads us to consider hierarchical compactification proposals similar to those
discussed for example in [40, 78]. As it turns out8 the minimal modification of our pre-
vious setup with just one additional Ka¨hler modulus is not sufficient for satisfying all
phenomenological constraints at the same time. Hence, we will focus on a situation with
four Ka¨hler moduli. In this paper we are primarily interested in investigating a general
mechanism stabilising the moduli in a manner suitable for fluxbrane inflation rather than
in constructing explicit compactification manifolds that furnish concrete realisations of this
mechanism. Reserving the search for such concrete geometries, e.g. along the lines of [79],
to a later stage we therefore content ourselves with making reasonable assumptions about
the topology of the compactification space. With this understanding, let us assume, for
definiteness, that the volume form is of the type
V = 1
2
κ112(t
1)2t2 +
1
2
κ133t
1(t3)2 +
1
2
κ223(t
2)2t3 +
1
6
κsss(t
s)3. (3.3)
For an overview of our conventions see appendix A. As the (1, 1)-form ωs is dual to a
four-cycle which is contractible to a point, ts is negative.
We choose the following brane and flux setup: The pair of D7-branes is wrapped around
the four-cycle dual to the (1, 1)-form ω2, while the brane flux is given by F± = n±ω2. Thus,
the induced D3-brane charge (∼ ∫D7F± ∧ F±) vanishes due to κ222 = 0. We now consider
the limit
∣∣t1∣∣  ∣∣t2∣∣ , ∣∣t3∣∣.9 It turns out that for the Ka¨hler metric KTiTj to be positive
definite in this limit we need κ133 < 0.
10
7In the semilocal case [34–38], the constraints are weakened [75].
8Here the discussion differs from the one in section 3 of the first version of this paper.
9In section 3.5 we will show that it is indeed possible to stabilise the Ka¨hler moduli in this regime.
10As we only specify the intersection numbers (3.3) rather than a concrete geometry, it is not possible
to actually compute the Mori cone. In the general spirit of our approach we take ti > 0, i = 1, 2, 3,
κ112, κ223 > 0 as part of the assumptions on our toy model.
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It will be convenient to express all quantities in terms of τs, V and the quantities
x ≡ t
3
t1
, y ≡ t
2
t1
. (3.4)
For example, the constraints (2.5) and (3.2) can now be rewritten as
V4/3y2/3 = κ
1/3
112
24/3
× 4.2× 108, (3.5)
x2 . κ112
2n2−κ2223
× 9.4× 10−2. (3.6)
As we will learn presently, the regime in which the model works is at small x and y.
3.2 String Loop Corrections
As we saw in section 2.2 the interplay between α′-corrections to the Ka¨hler potential
and non-perturbative corrections to the superpotential allows for a minimum of the scalar
potential with the overall volume V stabilised at an exponentially large value and the small
instanton four-cycle stabilised at asτs ∼ log (V/|W0|). However, for a model with more
than two Ka¨hler moduli there will be directions transverse to V which remain flat. As was
shown in [39, 40] these transverse directions may be stabilised by string loop corrections
to the Ka¨hler potential. In toroidal compactifications those corrections are well known
[41–43]. Based on this work the authors of [44] conjectured that on a general Calabi-Yau
manifold string loop corrections to the Ka¨hler potential take the form
δK(gs) = δK
KK
(gs)
+ δKW(gs)
=
h1,1∑
i=1
CKKi (U,U)(aijt
j)
<(S)V +
h1,1∑
i=1
CWi (U,U)
(bijtj)V . (3.7)
These corrections originate from the exchange of Kaluza-Klein (KK) modes (with respect
to a two-cycle aijt
j) between D7-branes and O7-planes, and of winding (W) modes of
strings (along a two-cycle bijt
j on which the D7-branes intersect). In the example of a
toroidal compactification with O(1) values of the complex structure the functions CKK,W
were calculated to be of the order 10−2 (see e.g. [43]).
Although the gs-corrections coming from KK-modes are the leading corrections in the
Ka¨hler potential in terms of the scaling with the Ka¨hler moduli, it was found [39] that
in the F -term potential actually the α′-corrections are dominant. This feature is called
extended no-scale structure and is crucial to ensure the overall consistency of the approach.
Furthermore, as the gs-corrections depend not only on the overall volume V but also on
the two-cycle moduli ti, it is intuitively clear that these corrections potentially stabilise the
flat directions.
Following [44] we will assume that in our scenario the gs-corrections take the form
δK(gs) =
gs
V
3∑
i=1
CKKi t
i +
1
V
3∑
i=1
CWi
ti
. (3.8)
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From these terms one can compute the corresponding leading order corrections to the
scalar F -term potential as (cf. [39])
δV(gs) = V0,F
W 20
V10/9
{
g2s
(
CKK1
)2
21/3κ
2/3
112
1
y2/3
− (4κ112)1/3
(
CW2
1
y2/3
+ CW3
y1/3
x
)
+ . . .
}
= V0,F
W 20
V10/3
{
Ag2s
1
y2/3
+ B 1
y2/3
+ C y
1/3
x
+ . . .
}
(3.9)
with
A =
(
CKK1
)2
21/3κ
2/3
112
> 0, B = − (4κ112)1/3CW2 , C = − (4κ112)1/3CW3 . (3.10)
The dots in (3.9) denote terms which are suppressed by further powers of x and y in the
limit of small x, y as compared to the leading order contributions. Note that the CWi can
have either sign.
3.3 Stabilising Ratios of Two-Cycles
The string loop corrections discussed in the previous section, together with the D-term
potential, will stabilise the ratios x and y. We now analyse the way in which this happens.
In view of our ignorance concerning the prefactors A, B, and C in (3.9), we will assume in
the sequel that B and C are positive and g2sA  B, C, such that the dominant terms of the
gs-corrections at small x, y are
δV(gs) = V0,F
W 20
V10/3
{
B 1
y2/3
+ C y
1/3
x
}
. (3.11)
Thus, y will be stabilised at
ymin. =
2B
C x. (3.12)
Plugging this back into (3.11) yields
δV(gs) = V0,F
W 20
V10/3
D
x2/3
(3.13)
where D = (3B1/3C2/3) /22/3. The runaway of x to infinity will be stopped by the D-term
potential which, in the hierarchical model specified in section 3.1, is given by [16, 47, 48]
VD =
1
16piV2
(∫
D7 J ∧ F
)2
1
2
∫
D7 J ∧ J
=
αn2x2
16piV2 (1 + . . .) . (3.14)
The dots denote terms which are higher order in x and y, α =
(
2κ2223
)
/κ112, and
11 n =√
n2+ + n
2−. This term in the scalar potential is enhanced by powers of the overall volume
V as compared to (3.9). For some fixed V the D-term will drive x to small values, thereby
11Note that we will choose to have n+ 6= 0, although, as we will find out presently, the uplift to dS cannot
be done via a D-term. By keeping n+ the stabilisation of x before and after reheating relies on the same
mechanism, which simplifies the discussion.
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lowering the relative size of the D-term potential with respect to the F -terms. Regarding
the required suppression of the cosmic string energy density, this is precisely the regime
where we want to be. Furthermore, it is this feature which allows us to choose W0 much
smaller than in the ‘warm-up’ model of section 2. Minimising in the x-direction gives
xmin. =
(
1
3
gsW
2
0D
αn2V4/3
)3/8
. (3.15)
We thus find a flux-dependent energy density given by
Vflux(V) = gsW
2
0
16piV3
(
4
33/4
(
αn2
gsW 20
)1/4
D3/4
)
. (3.16)
Comparing this expression to (2.12) it is apparent that the flux induced energy density is
not suitable for an uplift to dS. The reason is that the volume scales similarly to the first
term in (2.12). Thus, the same argument which shows that (2.12) gives rise to an AdS
minimum applies here. Therefore, we need some additional contribution to the vacuum
energy density which is suitable for uplifting the minimum to dS. D3-branes in a warped
throat are a prime candidate for this purpose [9, 32, 33].12 Including their contribution,
the full scalar potential reads
V (V) = gsW
2
0
16piV3
(
3
4
ξ
g
3/2
s
− 3
2
c
a
3/2
s
log3/2
(
4asAs
3c
V
W0
)
+ EV5/3 + 4
33/4
(
αn2
gsW 20
)1/4
D3/4
)
.
(3.17)
The quantity E scales with the fourth power of the warp-factor at the position of the D3-
brane inside the warped throat. We will assume that it can be tuned arbitrarily by tuning
the fluxes which determine the strength of the warping.
3.4 Parametric Analysis
In this section we would like to give an argument why, parametrically, the situation in the
hierarchical setup is improved as compared to the ‘warm-up’ model.
Recall that in the model discussed in section 2 the tree-level superpotential had to
be tuned large, W0 ∼
√V, such that the F -terms and the D-terms had about the same
size. The necessity to go in this parameter regime can be seen most easily from (2.15)
(all three terms should be of the same order). In section 2 the overall volume V was fixed
by the requirement that the right amount of curvature perturbations is produced. The so
determined V led to a value of W0 which was incompatible with the D3-tadpole cancellation
constraint.
On the other hand, the situation in the hierarchical model looks quite different: The
D-term features a suppression proportional to x2 and thus the tuning W0 ∼
√V is not
12We are aware of the recent discussion [80–82] (see also [83]) of potential problems with the supergravity
solution corresponding to an D3-brane in a warped throat. While these investigations have to be taken very
seriously, we think it is fair to say that, until now, no definite conclusion disproving the viability of such
an uplift has been established. As already stated at the end of section 2, D7-branes with flux in a warped
region might be a good alternative.
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necessary anymore. The gravitino mass, measured in units of the Kaluza-Klein scale,
is given by13 m3/2/mKK ∼ W0/(V1/3y1/6). Furthermore, we have t2 ∼ yt1 ∼ y2/3V1/3
and t3 ∼ xt1 ∼ W 3/40 D3/8/(V1/6y1/3). Now we use (3.12) together with the constraint
V2/3y1/3 = ζ−1 (cf. (3.5)) to find
m3/2
mKK
∼W0
√
ζ,
t2 ∼
(
B3/2
C W0
)1/2
, (3.18)
t3 ∼
( C
B1/2W0
)1/2
.
Here, ζ is related to ζ˜ defined in section 2.1 via ζ =
(
(2κ112)
1/3N
)−1/2
ζ˜ where N is the
number of e-foldings which we took to be 60. We see immediately that, for B, C = O(1), we
have to choose W0 somewhat large in order to have t
2, t3  1. Considering in addition the
required smallness of m3/2/mKK we should choose 1 W0  ζ−1/2. For example, setting
W0 ∼ ζ−1/3 we find
t2 ∼ t3 ∼ ζ−1/6  1, m3/2
mKK
∼ ζ1/6  1. (3.19)
Therefore, in the hierarchical setup it is indeed possible to make m3/2/mKK parametri-
cally small and, at the same time, have the two-cycle volumes t2 and t3 parametrically
large. In the following section we will demonstrate, using explicit numbers, that the tuning
W0 ∼ ζ−1/3 can be done in a way in which the D3-tadpole constraint is not violated.
3.5 Quantitative Results in the Hierarchical Setup
We conclude this chapter by showing that it is possible to consistently choose or compute
explicit numbers for all the quantities which are involved in the setup under discussion.
This can be done in a way such that all phenomenological constraints are satisfied.
Starting point is the expression (3.17) with n− = 0. Assuming that the threefold
has an Euler characteristic14 χ(X3) = 5 we get ξ ' 1.2 × 10−2. We furthermore choose
W0 = 2× 103, gs = 3× 10−2, D = 7× 10−1, κ112 = κ223 = 5, κsss = 1 and thus c =
√
2/3,
As = 1, and n+ = 1. Then, via V (Vmin.) = V ′(Vmin.) = 0 we can determine τs ' 2.01. This
gives an overall volume V ' 3.5× 107 and, furthermore, y ' 3.9× 10−3, t2 ' 6.0. On the
other hand, the ratio x is now determined to be x ' 3.3 × 10−3 and thus t3 ' 5.1. Note
that this value of x is easily compatible with the cosmic string bound (3.6). Furthermore,
the requirement V ′(Vmin.) = 0 can be used to compute E ' 3.8× 10−14.
A plot of the potential (3.17) for n− ∈ {0, 1} is shown in figure 2. Note that the
value W0 = 2× 103 requires χ(X4) & 1.4× 106 (cf. the discussion at the end of section 2).
Fourfolds with such Euler characteristics are known in the literature (see e.g. [46]). Fur-
thermore, in view of (2.21) we find m3/2/mKK ' 0.4. Clearly, m3/2/mKK is only marginally
13This estimate is based on the approximation Lmax. ∼
√
t1, where Lmax. is the volume of the largest
cycle on which KK-states propagate.
14If, alternatively, we start from a more typical value of e.g. χ(X3) = 100, the value of gs increases to
gs = 0.2 with all other quantities changed only marginally.
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Figure 2. Plot of (3.17) for n+ = 1, n− ∈ {0, 1}
smaller than one and some of our cycle volumes are only marginally larger than the string
length. However, as we have demonstrated in section 3.4, these crucial inequalities hold
parametrically, where the small parameter can be chosen, for example, as the quantity
ζ. Then, we of course have to plug in actual numbers, hoping that our parametrically
controlled approximation continues to hold in the physical regime. This works sufficiently
well to expect that models with the desired type of stabilisation exist.
4 Flat Directions for the Inflaton
In this section we give an overview over possible inflaton mass corrections from the F -term
scalar potential. While, for most cases, we indicate ways in which these mass terms can
be absent or suppressed, we stress that large parts of the subject are still work in progress
and will be discussed more thoroughly in a further publication [21].
The most direct way in which the D7-brane modulus ζ can enter the F -term potential
is through a direct appearance in the tree-level superpotential [48, 84–88]
Wbrane =
∫
C5
Ω ∧ F˜ . (4.1)
Here, C5 is a five-chain ending on the brane divisor Σ, Ω is the holomorphic (3, 0)-form
pulled back to C5, and F˜ is the brane flux F continued to the five-chain. For F˜ |Σ ∈
H(1,1)(Σ) the wedge product in (4.1) hence vanishes. Thus it is sufficient to choose F˜
such that F˜ |Σ is in the image of H2(X3) under pullback to Σ: Since for a Calabi-Yau
H2(X3) = H
1,1(X3), such fluxes will always give identically vanishing Wbrane. The flux
we consider in this paper is of that kind because it is such flux that generates a D-term
potential.
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For completeness we furthermore recall from the discussion after equation (2.7) that
non-perturbative effects from fluxed D3-brane instantons can introduce an explicit inflation
dependence of the superpotential, which can be avoided by suitable constraints on the
geometry of the instanton divisors.
Nevertheless, even if we can avoid a direct appearance of the brane modulus ζ in W ,
the fact that the tree-level superpotential for the complex structure moduli is stabilised at
some W0 6= 0 can lead to a large inflaton mass: Assuming for simplicity a minimal Ka¨hler
potential k(ζ, ζ) = ζζ we find that roughly
mζ ' m3/2 (4.2)
(cf. the discussion at the end of section 2), which is much larger than the Hubble scale and
thus spoils slow-roll inflation generically.
The situation is different if the ζ-moduli space possesses a shift-symmetry such that, for
example, k(ζ, ζ) ≡ k(ζ + ζ), i.e. the Ka¨hler potential is independent of the imaginary part
of ζ, which thus remains a flat direction. The potential role of shift symmetries protecting
the inflaton mass from dangerous F -term contributions was also discussed previously in
the context of D3/D3 and D3/D7 inflation (i.e. for mobile D3-branes) in [15, 20, 49, 50].
However, in these cases one faces some concerns: Usually, in these models inflation proceeds
as the D3-brane moves in the radial direction of a warped deformed conifold. The Ka¨hler
potential of the conifold, however, possesses no radial shift symmetry. More generally, as
noted in [20], isometries of the moduli space of D3-positions are not generically present in
Type IIB compactifications. In fact, the moduli space of D3-positions, which is nothing
but the compactification manifold itself, cannot exhibit a shift symmetry if it has the full
SU(3) holonomy. Therefore, only in special examples with manifolds of reduced holonomy,
such as compactifications on K3 × T 2/Z2, one can hope to find a Ka¨hler potential with
the desired feature. On the other hand, fluxbrane inflation is in a different position: Even
in flat space the leading order potential is flat enough to easily give rise to an inflationary
epoch which lasts 60 e-foldings. Furthermore, the moduli space of D7-positions is not the
compactification manifold but rather some other Ka¨hler manifold, the Ka¨hler potential
of which may well exhibit shift symmetries also in more general cases. Therefore, while
fluxbrane inflation is a scenario in which one can actually make use of the shift symmetries
in the above examples of toroidal and K3 × T 2 orientifolds, one can even hope to find
suitable compactifications beyond these simple models.
In fact, even if the moduli space of D7-brane positions possesses no shift-symmetry
generically, there can still be regions in parameter space where an approximate shift-
symmetry exists. Here we summarise our present understanding within the ongoing in-
vestigation [21]: Some of the D7-brane moduli correspond, on the mirror-dual type-IIA
orientifold with D6-branes, to Wilson-line moduli. Up to instanton and loop-corrections,
the latter enjoy a shift-symmetry originating in the gauge-symmetry of the D6-world-
volume gauge theory. We can hence expect this shift symmetry to be present in our setting
if, in addition to being at large volume, we also insist in being near the large-complex-
structure point. We finally note the possible interest in shift-symmetries of this type in the
context of Higgs-physics with a high-scale SUSY breaking [89–91].
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It is interesting to consider the global properties of the ζ-moduli space. As the moduli
space of the axio-dilaton S is non-trivially fibered over the former, the Ka¨hler potential
has the structure
K ⊃ − log(S + S − k(ζ, ζ)). (4.3)
Typically, the moduli space of the D7-brane modulus ζ is covered by a set of coordinate
patches with appropriate transition functions. Generically, the Ka¨hler potential k(ζ, ζ)
on the D7 moduli space is not globally defined but rather undergoes a transformation
k(ζ, ζ) = k′(ζ ′, ζ ′) + f(ζ ′) + f(ζ ′) for a transition function ζ = ζ(ζ ′). For the full Ka¨hler
potential K in (4.3) to remain invariant, this transformation has to be absorbed by a
simultaneous redefinition of the axio-dilaton: S = S′ + f(ζ ′). Invariance of K implies
invariance of the superpotential: W (S) = W ′(S′, ζ ′). In other words, W can not be
independent of the brane position moduli in all patches. As W is holomorphic there is
then no chance of having a manifest shift-symmetry in all patches. However, all we need
is to find a flux choice for which the D7-brane coordinate does not appear in W in one
particular coordinate patch. After a change of coordinates it will be some combination of
the axio-dilaton S and the brane modulus ζ which is a flat direction in the scalar potential.
In [21] we will demonstrate this feature in the example of a K3× T 2/Z2 compactification
in detail. The ambiguity of having W (S) or W (S, ζ), depending on the coordinate patch,
is related to the ambiguity in the definition of brane or bulk fluxes. This, in turn, has to do
with the SL(2,Z) monodromy affecting S and (F3, H3) at 7-brane positions [45]. Pertinent
investigations of the 7-brane superpotential include the recent [92–98].
The analog of this issue in the case of inflation with mobile D3-branes has been dis-
cussed in detail in the literature [20, 99]. The superpotential depends non-perturbatively
on the volume modulus (which, in this setup, plays a role analogous to S in the case
of fluxbrane inflation). The gauge kinetic function, which enters this non-perturbative
term, receives one-loop corrections which depend on the D3-brane position. For a toroidal
compactification these corrections were analysed in [99] and shown to respect a discrete
shift-symmetry, reflecting the compactness of the torus. No continuous shift-symmetry is
preserved by these corrections. Crucially, there is no mechanism by which the appearance
of the D3-brane coordinate in the superpotential can be avoided.
Finally, we note that the string loop corrections, which were used in section 3.2 to
stabilise the relative size of the two large four-cycles, generically depend on open string
moduli. The precise form of this dependence in toroidal models can in principle be extracted
from [42, 43]. The relevance of these corrections for the flatness of the inflaton potential is
presently under investigation [21].
5 Consistency of the Effective Theory
While the question of a potential inconsistency of (constant) FI terms in supergravity is
not a novel issue (see, e.g. [34, 51]), it has attracted an increased amount of interest more
recently [52–58]. Given that D-term inflation in its original form [5, 6] relies on the presence
of a (constant) FI term and that the existence of consistent gravity models with this feature
is doubtful, we find it necessary to devote a section of our paper to this issue. For example,
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the arguments above have led the authors of [100] to conclude that D3/D7 inflation as well
as fluxbrane inflation are subject to rather stringent constraints. As we will explain, we
believe that our construction can not come into conflict even with the most stringent no-go
theorems concerning FI terms that are being debated.
The viability of D-term inflation in view of supergravity constraints on FI terms has
also been discussed in [34]. However, since our perspective and (part of) our conclusions
are different, we believe that it is worthwhile to revisit this issue.
5.1 Issues in String D-Terms
Recall that the D-term in supergravity is given in general by [101]
ξ = iKiX
i(z) , (5.1)
where K is the Ka¨hler potential and X(z) is the holomorphic Killing vector generating the
(gauged) isometry of the moduli space. We denote the coordinates zi on that moduli space
collectively by z. The D-term potential then reads
VD =
g2YM
2
ξ2 . (5.2)
The consistency question alluded to above is, roughly speaking, under which circum-
stances one may write
ξ = iKiX
i(z) + ξ0 (5.3)
for some constant ξ0 6= 0. For our purposes, the precise answer to this question is, in fact,
irrelevant. We are only interested in string-derived models and hence for us it is sufficient
to know that no such constant arises in the low-energy limit of string compactifications
[102–105] (at least there are no such examples). Moreover, as we will work out in more
detail momentarily, our D-term potential is described by the (undebated) part iKiX
i(z).
Since this has given us a viable model of inflation, one might think that the ‘FI term-issue’
in fluxbrane inflation is thus closed.
Things are not quite as simple, though. Given that the D-term potential drives in-
flation, the moduli in iKiX
i(z) must be stabilised. In fact, this was the main theme of
the present investigation. Hence one might expect to encounter, somewhere between the
moduli-stabilisation scale and the SUSY-breaking scale, an effective theory with constant
FI term. This would not only be potentially inconsistent, it turns out to be technically im-
possible in models where no FI term is originally present [34, 52, 54]. How can any stringy
version of D-term inflation then exist? The answer suggested in [34] was to have a small
F -term potential giving a large mass to the relevant moduli, which might be possible with a
special choice of Ka¨hler potential. Jumping ahead, our answer is different: In our scenario
the SUSY breaking scale is enhanced as compared to the scale at which the Ka¨hler moduli
are stabilised. This fact is easy to understand: As we will confirm momentarily, the Ka¨hler
moduli naturally have masses m2τ ∼ VD ∼ V−2. On the other hand the gravitino mass is
given by m23/2 ∼ W 20 /V2. Recall that, as a result of the approximate no-scale structure
in the F -term potential and the requirement VD ∼ VF , we work at parametrically large
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W0. Therefore, the gravitino mass is parametrically larger than mτ . Due to this particular
hierarchy of scales our model avoids the above constraints ‘trivially’. We will come back
to this fact at the end of this section.
5.2 Moduli Masses in Fluxbrane Moduli Stabilisation
We first put our D-term potential in the standard N = 1 supergravity form following [27]:
Let Dj be a divisor with dual 2-form [Dj ] and let the fluxed D7-brane be wrapped on a
divisor DF . The four-cycle modulus τj parametrising the size of Dj gets charged under
the U(1) on the D7-brane if the flux living on the intersection Dj ∩DF is non-vanishing.
Since the symmetry which is gauged is an axionic shift symmetry, the corresponding Killing
vector is just Xj = iqj with qj the charge of τj . Thus, in the low-energy effective action a
D-term
ξ = −qjKτj (5.4)
appears, where K is the Ka¨hler potential. The charge qj depends on the flux [27]: qj ∼∫
DF [Dj ] ∧ F . In particular, one can show that with this input that (5.4) is equivalent to
[47, 48]
ξ =
1
4pi
∫
DF J ∧ F
V , (5.5)
which was used in section 2 and section 3.
In the simple two-Ka¨hler moduli example at the end of section 2, we wrapped the
D-brane on Db and chose a flux F = n[Db]. As κbbb is non-zero, τb is charged under the
U(1), generating a D-term of the form (5.5). The potential terms relevant for the mass of
τb are (2.12) and (2.14). The corresponding Ka¨hler potential is
K = −3 log τb + . . . (5.6)
For simplicity we compute the mass in the Minkowski minimum (the result changes only
by an O(1) factor when going to de Sitter). Working in addition to leading order in
log
(
2αV
cβW0
)
, we find
m2τb =
1
Kτbτb
∂2τbV
∣∣∣∣
τmin.b
=
3
4
VD
∣∣∣∣
τmin.b
, (5.7)
where VD is given in (2.14).
This can be compared to the mass of the vector boson which gauges the axionic shift-
symmetry. The relevant terms in the Lagrangian are
L ⊃ − 1
4g2YM
F 2 +KiDµz
iDµzj , (5.8)
with
Dµz
i = ∂µz
i −AµXi(z). (5.9)
Thus, using also (5.1) and (5.2) the gauge boson mass is
m2V = 2g
2
YMKTbTb
∣∣XTb∣∣2 = 4
3
VD
∣∣∣∣
τmin.b
. (5.10)
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We conclude that the masses of vector boson and corresponding Ka¨hler modulus are of the
same order of magnitude. Moreover, since VD ∼ H2, both masses are related to the Hubble
scale. While the purist might object both to calling this D-term inflation (since VF ∼ VD)
and to calling it single-field inflation (since mτb ∼ H), we are, for the time being, satisfied
with this outcome.
Finally, the analysis in appendix C gives
δVD
VD
. 2
33
(5.11)
where δVD represents the additional energy density due to F− 6= 0 during inflation. This
implies that the Hubble scale during inflation is given by Hinfl. . 0.07× VD. Therefore, τb
is actually somewhat heavier than the parametric analysis above suggests (mτb/Hinfl.  1)
and its dynamics can be disregarded during inflation.
We note that our result can be understood more generally (see e.g. [34, 52]): In unbro-
ken SUSY the mass of the vector and the mass of the volume modulus are the same because
the U(1) is higgsed by the axionic scalar from the volume superfield (in our case Tb). This
equality can only be lifted by SUSY breaking. Thus, if the mass of the volume modulus is
stabilised at a scale much above the vector mass, supersymmetry must be broken at this
high scale. As result, there can be no energy domain where τb is consistently integrated
out while the gauge boson is kept as a dynamical degree of freedom in a supersymmetric
theory. In other words, as mentioned earlier, even an effectively constant FI term can not
arise.
In our specific setting (at least in the toy model version of section 2), we have H2 ∼
m2V ∼ m2τb ∼ VD ∼ VF , as demonstrated above. By contrast, m23/2 is much larger. This
is due to the (approximate) no-scale cancellation which makes VF smaller than its naive
parametrical size |eKW 20 |. Hence, we are indeed more than safe from any regime with
unbroken SUSY and an effectively constant FI term. Of course, the analysis in the present
section dealt just with the toy model of section 2. An analogous discussion of the hierarchi-
cal model of section 3 is qualitatively similar but much more involved. While the various
‘low-lying’ mass scales from H to mV are now somewhat different, the much larger size of
m3/2 is a generic feature. It will continue to ensure that SUSY is broken before the moduli
are frozen.
6 Conclusions
We have studied moduli stabilisation in fluxbrane inflation. In this scenario, the role of the
inflaton is played by the relative position of two D7-branes, attracted towards each other by
non-supersymmetric gauge flux. This can be viewed as a variant of D-term inflation where,
as is well-known, a very small FI term is required to reproduce the observed magnitude of
CMB fluctuations. In our context, this implies large brane volume and hence, in general,
large compactification volume (∼ 107 in string units).
We therefore work in the Large Volume Scenario, where the interplay of α′- and instan-
ton corrections stabilises an exponentially large overall volume. The resulting non-SUSY
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AdS-vacuum is then uplifted by a D-term to realise the inflationary almost-de-Sitter phase.
Stability requires the F -term to be roughly of the same size as the D-term, which we ensure
by using a parametrically large flux-potential W0. This entails two problems: a danger-
ously large (close to the KK-scale) gravitino mass and an enormous D3 tadpole (in excess
of the largest known fourfold Euler numbers). Moreover, as is common in D-term inflation
in general, the large cosmic string scale is problematic.
Fortunately, a rather natural generalisation of the simplest construction can resolve
all of the above issues: We explicitly include two additional Ka¨hler moduli (the minimum
in large volume models being two). In this case, three of the Ka¨hler moduli are stabilised
at relatively large values. Their relative size is fixed by the interplay of loop corrections
and the D-term. This introduces two new parameters – the ratios of two-cycle volumes –
which can take small values (∼ 1/300) in a concrete model. In appropriate settings, one
of these smallish numbers suppresses the D-term (thereby lowering the required value of
W0) as well as the cosmic string tension. Thus, while we do not provide an explicit Calabi-
Yau orientifold and brane configuration, we are able to demonstrate the phenomenological
viability of our scenario with reasonable assumptions concerning topological data and loop-
correction coefficients.
To be more specific, in section 3.4 we demonstrated that we have parametric control
in the regime of ζ  1, where ζ is related to the amplitude of density perturbations.
Therefore, all approximations made in the stabilisation procedure depend on this physical
observable. If one matches the COBE value, the effective field theory is marginally under
control, whereas the approximations become better and better as the amplitude of density
perturbations falls below the observed value.
In the hierarchical model discussed in section 3 it was not possible to achieve the
uplift of the AdS vacuum to a Minkowski vacuum via a flux contribution to the D-term:
The phenomenological requirements, which need to be imposed on the model, were too
restrictive for that purpose. While, for the present analysis, we contented ourselves with
the idea of realising the uplift with D3-branes instead, it would be interesting to further
investigate the D-term uplifting proposal in more general setups.
To realise our flat inflaton potential, we had to assume a choice of 3-form flux by
which the relevant D7-brane modulus is not stabilised. Nevertheless, a generic Ka¨hler
potential for the brane moduli leads, in presence of non-zero F -terms, to the familiar η-
problem. Referring to a forthcoming publication for details, we propose to overcome this
problem as follows: By mirror symmetry, some of the D7 position moduli correspond to
D6 Wilson lines. The latter enjoy a shift-symmetric Ka¨hler potential at large Type IIA
volume. Hence, we expect a shift-symmetric inflationary Ka¨hler potential in Type IIB
at large complex structure (in addition to large volume). It is far from obvious to which
extent this idea will survive the loop corrections which we also use. This is presently under
investigation.
Finally, we commented on certain consistency issues in the context of the recent ‘super-
gravity FI term debate’. We have no proper (‘constant’) FI term but rather a conventional
D-term potential (or ‘field-dependent FI term’). The latter comes from the gauging of an
isometry of the Ka¨hler moduli space. We show explicitly that, in our construction, the
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vector boson mass, the Ka¨hler modulus mass and the Hubble scale are parametrically of
the same order of magnitude. Hence, the potential problem of an ‘effectively constant FI
term’ at some intermediate energy scale (which would hint at some hidden inconsistency)
does not arise. Thus, D-term inflation (at least in our definition, i.e. allowing for compa-
rable stabilising F -terms) is well and alive independently of the existence of constant FI
terms.
So far, we can only view our investigation as a small step in the ongoing struggle
to eventually establish inflation in string theory (or rule it out). For the future of our
proposal, much will depend on our ability to understand how D7-brane moduli enter the
Ka¨hler potential and superpotential at subleading order.
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Appendix
A Definitions and Conventions
In this appendix we collect definitions and conventions used in this article.
The string length is given by `s = 2pi
√
α′. We take the transformation from string to
10d Einstein frame to be
gSMN = e
φ
2 gE10MN (A.1)
and we use gs =
〈
eφ
〉
, τ = e−φ + iC0.15 The volume V of the compactification space is
defined by
V = 1
`6s
∫
d6x
√
gE106 . (A.2)
The transformation from 10d Einstein frame to 4d Einstein frame is given by
gE10µν =
1
V g
E4
µν . (A.3)
The four-dimensional Planck mass is then given by
M2p =
4pi
`2s
. (A.4)
15Note that the relation between τ defined here and the supergravity variable S used e.g. in (1.2) is
non-trivial [47, 48].
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It is set to one in all 4d-field-theory formulae. The Ka¨hler form J in the Einstein frame is
expanded in a basis of (1, 1)-forms J = tiωi, such that the volume of the manifold can be
written as
V = 1
6
∫
J ∧ J ∧ J = 1
6
κijkt
itjtk. (A.5)
The volumes of the four-cycles dual to the (1, 1)-forms ωi are defined via τi = ∂V/∂ti.
B F -Term Scalar Potential
The main purpose of this appendix is to analyse the F -term potential discussed in sec-
tion 2.2. Such a potential arises in the original Large Volume Scenario as proposed in [22]
as well as in more elaborate versions thereof [40], which is the case of interest for us.
Starting point is the expression16
VF =
eK
8pi
[
Kssa2s|As|2e−2asτs
− asKsp∂pKe−asτs
{
WAse
iasbs +WAse
−iasbs
}
(B.1)
+
3ξ|W0|2
4g
3/2
s V
]
which is obtained after plugging (2.7) and (2.8) into the standard supergravity formula for
the F -term potential
V =
eK
8pi
(
KabDaWDbW − 3|W |2
)
, (B.2)
expanding in leading order in 1/V, and neglecting all terms ∝ e−apτp , p 6= s (cf. [106]).
Consider the second line of equation (B.1). We can rewrite the term in the brackets
as
2|W0||As| cos (arg(W0)− arg(As) + asbs) . (B.3)
Furthermore, using the identity
Ksp∂pK = −2τs + higher orders in 1/V (B.4)
(cf. e.g. [39]) it is clear that minimising VF with respect to the axion bs will give cos(. . .)→ −1
in (B.3) and thus the second term in (B.1) becomes −4asτse−asτs |W0||As|.
Now we turn to the first line in (B.1): Using V(τp) = V˜(τp 6=s)− cτ3/2s we find
Kss ' 3
8
c
Vτ1/2s
, Kps ' −3
4
c(∂pV)τ1/2s
V2 , (B.5)
i.e. Kpq is block-diagonal in leading order in 1/V. Therefore, Kss ' 83 Vτ
1/2
s
c in leading
order. Combining all the results we find
VF = V0,F
(
α
√
τse
−2asτs
cV −
β|W0|τse−asτs
V2 +
γξ|W0|2
g
3/2
s V3
)
(B.6)
16There seems to be a disagreement in the literature concerning the overall prefactor of the supergravity
potential (see [61] and [23]). However, this factor is irrelevant for our purposes as we can simply choose to
work with a differently normalised W0.
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with
V0,F =
gse
Kcs
16pi
, α =
8a2s|As|2
3
, β = 4as|As|, γ = 3
4
. (B.7)
We now compute the large volume minimum of (B.6). To this end, we evaluate
∂V
∂V = 0,
∂V
∂τs
= 0. (B.8)
The first condition gives
V = β|W0|c
√
τse
asτs
α
(
1−
√
1− 3αγξ
g
3/2
s cβ2
1
τ
3/2
s
)
(B.9)
while the second equation reads
Vαe−asτs
βc|W0|√τs =
1− asτs
1
2 − 2asτs
. (B.10)
This can be rearranged using (B.9):
1−
√
1− 3αγξ
g
3/2
s cβ2
1
τ
3/2
s
=
1− asτs
1
2 − 2asτs
. (B.11)
For asτs  1, this equation simplifies and we obtain to leading order
τs =
1
gs
(
4γαξ
cβ2
)2/3
=
1
gs
(
ξ
2c
)2/3
, (B.12)
V = β|W0|c
√
τse
asτs
2α
=
β|W0|c
2αg
1/2
s
(
ξ
2c
)1/3
e
as
gs
( ξ2c)
2/3
. (B.13)
From the above analysis and the definition of ξ below equation (2.8) it is clear that
the requirement asτs  1 is true as long as −χ(X3) 4cζ(3)(2pigs)3/2. Since χ(X3) =
2(h(1,1)−h(2,1)) and h(1,1) = 2, this sets a lower bound on the number of complex structure
moduli which is, however, rather easy to satisfy for all perturbative values of gs. For
instance, the manifold P4[1,1,1,6,9] of [22], on which the large volume scenario was first
constructed explicitly, has 272 complex structure moduli.
To compute the value of the potential VF at the minimum, we solve (B.10) for V and
plug it into (B.6) to obtain
VF = V0,F
α2
βc2|W0|e
−3asτs
(
X −X2 + αγξ
β2cg
3/2
s
τ−3/2s X
3
)
, (B.14)
where
X =
(
1
2 − 2asτs
1− asτs
)
. (B.15)
Rewriting (B.11) yields
αγξ
β2cg
3/2
s
τ−3/2s =
1
3
(
2X−1 −X−2) (B.16)
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and therefore
VF = V0,F
α2
βc2|W0|e
−3asτs
(
2
3
X − 1
3
X2
)
≈ V0,F α
2
βc2|W0|e
−3asτs
(
− 1
asτs
)
(B.17)
for asτs  1. Remarkably, the minimum value of the F -term potential is suppressed by a
factor of asτs relative to its natural value. Using (B.12) and (B.13) we finally obtain
VF = −
3M4p
√
gse
Kcs
128pi2
c|W0|2
V3
(
ξ
2c
)1/3
(B.18)
where we chose to explicitly write V and |W0| in order to get a feeling for the size of the
F -term potential in its minimum. It is clear, that via (B.12) and (B.13) one can express
the minimum value solely in terms of ξ, gs, c etc.
C Lower Bound on the Brane Flux Quanta
In this appendix we give a rough estimate for the lower bound on n+ as motivated in
section 2.3. To this end we write (2.15) as
V (V)
V0,F
=
1
V3 f(V) (C.1)
where f(V) = A−B log3/2(CV) +DV. Furthermore, we choose to expand the potential at
the minimum Vmin. as
V (V)
V0,F
=
f ′′(Vmin.)
2V3 (V − Vmin.)
2 + . . . (C.2)
Maximising (C.2) gives17 Vmax. = 3Vmin. and
V (Vmax.)
V0,F
' 2
33
f ′′(Vmin.)
Vmin. . (C.3)
Computing f ′′(Vmin.), keeping only the leading term in log(CVmin.), and using f ′(Vmin.) = 0
one finds
V (Vmax.)
V0,F
' 2
33
D
V2min.
. (C.4)
An estimate of how big the uplift can be such that it does not destroy the local minimum
of the potential is given by requiring
V (Vmax.)
V0,F
& δV (Vmin.)
V0,F
=
δD
V2min.
. (C.5)
This then implies
δD
D
=
n2−
n2+
. 2
33
. (C.6)
Thus, n+ ≥ 4, n− = 1 is ok. Obviously, this is only a very coarse analysis. However, the
result can be confirmed very easily by a straightforward numerical analysis.
17Actually, as (Vmax. − Vmin.) > Vmin. the expansion (C.2) breaks down. However, the calculation still
gives a first idea for the required size of n+ which can be confirmed numerically.
– 29 –
References
[1] G. R. Dvali and S. H. H. Tye, “Brane inflation,” Phys. Lett. B450 (1999) 72–82,
hep-ph/9812483.
[2] C. P. Burgess et al., “The Inflationary Brane-Antibrane Universe,” JHEP 07 (2001) 047,
hep-th/0105204.
[3] J. Garcia-Bellido, R. Rabadan, and F. Zamora, “Inflationary scenarios from branes at
angles,” JHEP 01 (2002) 036, hep-th/0112147.
[4] K. Dasgupta, C. Herdeiro, S. Hirano, and R. Kallosh, “D3 / D7 inflationary model and M
theory,” Phys.Rev. D65 (2002) 126002, hep-th/0203019.
[5] P. Binetruy and G. R. Dvali, “D-term inflation,” Phys. Lett. B388 (1996) 241–246,
hep-ph/9606342.
[6] E. Halyo, “Hybrid inflation from supergravity D-terms,” Phys. Lett. B387 (1996) 43–47,
hep-ph/9606423.
[7] A. D. Linde, “Axions in inflationary cosmology,” Phys. Lett. B259 (1991) 38–47.
[8] A. D. Linde, “Hybrid inflation,” Phys. Rev. D49 (1994) 748–754, astro-ph/9307002.
[9] S. Kachru et al., “Towards inflation in string theory,” JCAP 0310 (2003) 013,
hep-th/0308055.
[10] D. Baumann et al., “On D3-brane potentials in compactifications with fluxes and wrapped
D-branes,” JHEP 11 (2006) 031, hep-th/0607050.
[11] D. Baumann, A. Dymarsky, I. R. Klebanov, L. McAllister, and P. J. Steinhardt, “A
Delicate Universe,” Phys. Rev. Lett. 99 (2007) 141601, 0705.3837.
[12] A. Krause and E. Pajer, “Chasing Brane Inflation in String-Theory,” JCAP 0807 (2008)
023, 0705.4682.
[13] D. Baumann, A. Dymarsky, I. R. Klebanov, and L. McAllister, “Towards an Explicit Model
of D-brane Inflation,” JCAP 0801 (2008) 024, 0706.0360.
[14] M. Haack et al., “Update of D3/D7-Brane Inflation on K3× T 2/Z2,” Nucl. Phys. B806
(2009) 103–177, 0804.3961.
[15] J. P. Hsu, R. Kallosh, and S. Prokushkin, “On Brane Inflation With Volume Stabilization,”
JCAP 0312 (2003) 009, hep-th/0311077.
[16] A. Hebecker, S. C. Kraus, D. Lu¨st, S. Steinfurt, and T. Weigand, “Fluxbrane Inflation,”
Nucl. Phys. B854 (2012) 509–551, 1104.5016.
[17] A. Avgoustidis, D. Cremades, and F. Quevedo, “Wilson line inflation,” Gen. Rel. Grav. 39
(2007) 1203–1234, hep-th/0606031.
[18] M. Berg, M. Haack, and B. Ko¨rs, “Loop corrections to volume moduli and inflation in
string theory,” Phys. Rev. D71 (2005) 026005, hep-th/0404087.
[19] M. Berg, M. Haack, and B. Ko¨rs, “On the moduli dependence of nonperturbative
superpotentials in brane inflation,” hep-th/0409282.
[20] L. McAllister, “An inflaton mass problem in string inflation from threshold corrections to
volume stabilization,” JCAP 0602 (2006) 010, hep-th/0502001.
[21] M. Arends, A. Hebecker, K. Heimpel, S. C. Kraus, D. Lu¨st, C. Mayrhofer, C. Schick, and
– 30 –
T. Weigand, “Flat Directions in D7-Brane Moduli Space and Inflationary Model Building,”
(work in progress).
[22] V. Balasubramanian, P. Berglund, J. P. Conlon, and F. Quevedo, “Systematics of Moduli
Stabilisation in Calabi-Yau Flux Compactifications,” JHEP 03 (2005) 007,
hep-th/0502058.
[23] J. P. Conlon, F. Quevedo, and K. Suruliz, “Large-volume flux compactifications: Moduli
spectrum and D3/D7 soft supersymmetry breaking,” JHEP 08 (2005) 007,
hep-th/0505076.
[24] C. P. Burgess, R. Kallosh, and F. Quevedo, “de Sitter String Vacua from Supersymmetric
D-terms,” JHEP 10 (2003) 056, hep-th/0309187.
[25] G. Villadoro and F. Zwirner, “De-Sitter vacua via consistent D-terms,” Phys. Rev. Lett. 95
(2005) 231602, hep-th/0508167.
[26] A. Achucarro, B. de Carlos, J. A. Casas, and L. Doplicher, “de Sitter vacua from uplifting
D-terms in effective supergravities from realistic strings,” JHEP 06 (2006) 014,
hep-th/0601190.
[27] M. Haack, D. Krefl, D. Lu¨st, A. Van Proeyen, and M. Zagermann, “Gaugino Condensates
and D-terms from D7-branes,” JHEP 01 (2007) 078, hep-th/0609211.
[28] D. Cremades, M. P. Garcia del Moral, F. Quevedo, and K. Suruliz, “Moduli stabilisation
and de Sitter string vacua from magnetised D7 branes,” JHEP 05 (2007) 100,
hep-th/0701154.
[29] S. Krippendorf and F. Quevedo, “Metastable SUSY Breaking, de Sitter Moduli
Stabilisation and Kahler Moduli Inflation,” JHEP 0911 (2009) 039, 0901.0683.
[30] M. Cicoli, M. Goodsell, J. Jaeckel, and A. Ringwald, “Testing String Vacua in the Lab:
From a Hidden CMB to Dark Forces in Flux Compactifications,” JHEP 07 (2011) 114,
1103.3705.
[31] M. Cicoli, S. Krippendorf, C. Mayrhofer, F. Quevedo, and R. Valandro, “D-Branes at del
Pezzo Singularities: Global Embedding and Moduli Stabilisation,” 1206.5237.
[32] S. Kachru, J. Pearson, and H. L. Verlinde, “Brane/Flux Annihilation and the String Dual
of a Non- Supersymmetric Field Theory,” JHEP 06 (2002) 021, hep-th/0112197.
[33] S. Kachru, R. Kallosh, A. D. Linde, and S. P. Trivedi, “De Sitter vacua in string theory,”
Phys. Rev. D68 (2003) 046005, hep-th/0301240.
[34] P. Binetruy, G. Dvali, R. Kallosh, and A. Van Proeyen, “Fayet-Iliopoulos terms in
supergravity and cosmology,” Class.Quant.Grav. 21 (2004) 3137–3170, hep-th/0402046.
[35] T. Vachaspati and A. Achucarro, “Semilocal cosmic strings,” Phys.Rev. D44 (1991)
3067–3071.
[36] M. Hindmarsh, “Existence and stability of semilocal strings,” Phys.Rev.Lett. 68 (1992)
1263–1266.
[37] J. Urrestilla, A. Achucarro, and A. Davis, “D term inflation without cosmic strings,”
Phys.Rev.Lett. 92 (2004) 251302, hep-th/0402032.
[38] K. Dasgupta, J. P. Hsu, R. Kallosh, A. D. Linde, and M. Zagermann, “D3/D7 brane
inflation and semilocal strings,” JHEP 08 (2004) 030, hep-th/0405247.
– 31 –
[39] M. Cicoli, J. P. Conlon, and F. Quevedo, “Systematics of String Loop Corrections in Type
IIB Calabi- Yau Flux Compactifications,” JHEP 01 (2008) 052, 0708.1873.
[40] M. Cicoli, J. P. Conlon, and F. Quevedo, “General Analysis of LARGE Volume Scenarios
with String Loop Moduli Stabilisation,” JHEP 10 (2008) 105, 0805.1029.
[41] G. von Gersdorff and A. Hebecker, “Ka¨hler corrections for the volume modulus of flux
compactifications,” Phys. Lett. B624 (2005) 270–274, hep-th/0507131.
[42] M. Berg, M. Haack, and B. Ko¨rs, “String loop corrections to Ka¨hler potentials in
orientifolds,” JHEP 11 (2005) 030, hep-th/0508043.
[43] M. Berg, M. Haack, and B. Ko¨rs, “On volume stabilization by quantum corrections,” Phys.
Rev. Lett. 96 (2006) 021601, hep-th/0508171.
[44] M. Berg, M. Haack, and E. Pajer, “Jumping Through Loops: On Soft Terms from Large
Volume Compactifications,” JHEP 09 (2007) 031, 0704.0737.
[45] F. Denef and M. R. Douglas, “Distributions of flux vacua,” JHEP 05 (2004) 072,
hep-th/0404116.
[46] A. Klemm, B. Lian, S. S. Roan, and S.-T. Yau, “Calabi-Yau fourfolds for M- and F-theory
compactifications,” Nucl. Phys. B518 (1998) 515–574, hep-th/9701023.
[47] H. Jockers and J. Louis, “The Effective action of D7-branes in N = 1 Calabi-Yau
orientifolds,” Nucl.Phys. B705 (2005) 167–211, hep-th/0409098.
[48] H. Jockers and J. Louis, “D-terms and F-terms from D7-brane fluxes,” Nucl. Phys. B718
(2005) 203–246, hep-th/0502059.
[49] S. E. Shandera, “Slow roll in brane inflation,” JCAP 0504 (2005) 011, hep-th/0412077.
[50] J. P. Hsu and R. Kallosh, “Volume stabilization and the origin of the inflaton shift
symmetry in string theory,” JHEP 04 (2004) 042, hep-th/0402047.
[51] E. Witten, “New Issues in Manifolds of SU(3) Holonomy,” Nucl. Phys. B268 (1986) 79.
[52] Z. Komargodski and N. Seiberg, “Comments on the Fayet-Iliopoulos Term in Field Theory
and Supergravity,” JHEP 06 (2009) 007, 0904.1159.
[53] K. R. Dienes and B. Thomas, “On the Inconsistency of Fayet-Iliopoulos Terms in
Supergravity Theories,” Phys. Rev. D81 (2010) 065023, 0911.0677.
[54] Z. Komargodski and N. Seiberg, “Comments on Supercurrent Multiplets, Supersymmetric
Field Theories and Supergravity,” JHEP 07 (2010) 017, 1002.2228.
[55] N. Seiberg, “Modifying the Sum Over Topological Sectors and Constraints on
Supergravity,” JHEP 07 (2010) 070, 1005.0002.
[56] J. Distler and E. Sharpe, “Quantization of Fayet-Iliopoulos Parameters in Supergravity,”
Phys. Rev. D83 (2011) 085010, 1008.0419.
[57] T. Banks and N. Seiberg, “Symmetries and Strings in Field Theory and Gravity,” Phys.
Rev. D83 (2011) 084019, 1011.5120.
[58] S. Hellerman and E. Sharpe, “Sums over topological sectors and quantization of Fayet-
Iliopoulos parameters,” 1012.5999.
[59] R. Blumenhagen, B. Ko¨rs, D. Lu¨st, and S. Stieberger, “Four-dimensional String
Compactifications with D-Branes, Orientifolds and Fluxes,” Phys. Rept. 445 (2007) 1–193,
hep-th/0610327.
– 32 –
[60] WMAP Collaboration, E. Komatsu et al., “Seven-Year Wilkinson Microwave Anisotropy
Probe (WMAP) Observations: Cosmological Interpretation,” Astrophys. J. Suppl. 192
(2011) 18, 1001.4538.
[61] S. B. Giddings, S. Kachru, and J. Polchinski, “Hierarchies from fluxes in string
compactifications,” Phys. Rev. D66 (2002) 106006, hep-th/0105097.
[62] F. Marchesano and L. Martucci, “Non-perturbative effects on seven-brane Yukawa
couplings,” Phys. Rev. Lett. 104 (2010) 231601, 0910.5496.
[63] T. W. Grimm, M. Kerstan, E. Palti, and T. Weigand, “On Fluxed Instantons and Moduli
Stabilisation in IIB Orientifolds and F-theory,” Phys.Rev. D84 (2011) 066001, 1105.3193.
[64] P. Candelas, X. C. De La Ossa, P. S. Green, and L. Parkes, “A pair of Calabi-Yau
manifolds as an exactly soluble superconformal theory,” Nucl. Phys. B359 (1991) 21–74.
[65] R. Blumenhagen, T. W. Grimm, B. Jurke, and T. Weigand, “F-theory uplifts and GUTs,”
JHEP 09 (2009) 053, 0906.0013.
[66] R. Blumenhagen, T. W. Grimm, B. Jurke, and T. Weigand, “Global F-theory GUTs,”
Nucl. Phys. B829 (2010) 325–369, 0908.1784.
[67] M. Cicoli, A. Maharana, F. Quevedo, and C. P. Burgess, “De Sitter String Vacua from
Dilaton-dependent Non- perturbative Effects,” 1203.1750.
[68] M. Rummel and A. Westphal, “A sufficient condition for de Sitter vacua in type IIB string
theory,” JHEP 01 (2012) 020, 1107.2115.
[69] R. Kallosh and A. D. Linde, “Landscape, the scale of SUSY breaking, and inflation,” JHEP
12 (2004) 004, hep-th/0411011.
[70] J. P. Conlon, R. Kallosh, A. D. Linde, and F. Quevedo, “Volume Modulus Inflation and the
Gravitino Mass Problem,” JCAP 0809 (2008) 011, 0806.0809.
[71] S. Antusch, K. Dutta, and S. Halter, “Combining High-scale Inflation with Low-energy
SUSY,” JHEP 03 (2012) 105, 1112.4488.
[72] N. T. Jones, H. Stoica, and S. H. H. Tye, “Brane interaction as the origin of inflation,”
JHEP 07 (2002) 051, hep-th/0203163.
[73] M. Majumdar and A. Christine-Davis, “Cosmological creation of D-branes and
anti-D-branes,” JHEP 03 (2002) 056, hep-th/0202148.
[74] S. Sarangi and S. H. H. Tye, “Cosmic string production towards the end of brane inflation,”
Phys. Lett. B536 (2002) 185–192, hep-th/0204074.
[75] J. Urrestilla, N. Bevis, M. Hindmarsh, M. Kunz, and A. R. Liddle, “Cosmic microwave
anisotropies from BPS semilocal strings,” JCAP 0807 (2008) 010, 0711.1842.
[76] G. Dvali, R. Kallosh, and A. Van Proeyen, “D-term strings,” JHEP 01 (2004) 035,
hep-th/0312005.
[77] J. Urrestilla, N. Bevis, M. Hindmarsh, and M. Kunz, “Cosmic string parameter constraints
and model analysis using small scale Cosmic Microwave Background data,” JCAP 1112
(2011) 021, 1108.2730.
[78] M. Cicoli, C. P. Burgess, and F. Quevedo, “Anisotropic Modulus Stabilisation: Strings at
LHC Scales with Micron-sized Extra Dimensions,” 1105.2107.
[79] M. Cicoli, M. Kreuzer, and C. Mayrhofer, “Toric K3-Fibred Calabi-Yau Manifolds with del
– 33 –
Pezzo Divisors for String Compactifications,” JHEP 02 (2012) 002, 1107.0383.
[80] I. Bena, M. Grana, and N. Halmagyi, “On the Existence of Meta-stable Vacua in Klebanov-
Strassler,” JHEP 09 (2010) 087, 0912.3519.
[81] I. Bena, G. Giecold, M. Grana, N. Halmagyi, and S. Massai, “The backreaction of anti-D3
branes on the Klebanov- Strassler geometry,” 1106.6165.
[82] I. Bena, M. Grana, S. Kuperstein, and S. Massai, “Anti-D3’s - Singular to the Bitter End,”
1206.6369.
[83] P. McGuirk, G. Shiu, and F. Ye, “Soft branes in supersymmetry-breaking backgrounds,”
JHEP 07 (2012) 188, 1206.0754.
[84] E. Witten, “Chern-Simons gauge theory as a string theory,” Prog. Math. 133 (1995)
637–678, hep-th/9207094.
[85] M. Aganagic and C. Vafa, “Mirror symmetry, D-branes and counting holomorphic discs,”
hep-th/0012041.
[86] D. Lu¨st, P. Mayr, S. Reffert, and S. Stieberger, “F-theory flux, destabilization of orientifolds
and soft terms on D7-branes,” Nucl. Phys. B732 (2006) 243–290, hep-th/0501139.
[87] L. Martucci, “D-branes on general N = 1 backgrounds: Superpotentials and D-terms,”
JHEP 06 (2006) 033, hep-th/0602129.
[88] L. Martucci, “Supersymmetric D-branes on flux backgrounds,” Fortsch. Phys. 55 (2007)
771–776, hep-th/0701093.
[89] A. Hebecker, A. K. Knochel, and T. Weigand, “A Shift Symmetry in the Higgs Sector:
Experimental Hints and Stringy Realizations,” JHEP 1206 (2012) 093, 1204.2551.
[90] L. E. Ibanez, F. Marchesano, D. Regalado, and I. Valenzuela, “The Intermediate Scale
MSSM, the Higgs Mass and F-theory Unification,” 1206.2655.
[91] A. Chatzistavrakidis, E. Erfani, H. P. Nilles, and I. Zavala, “Axiology,” 1207.1128.
[92] M. Alim, M. Hecht, H. Jockers, P. Mayr, A. Mertens, et al., “Hints for Off-Shell Mirror
Symmetry in type II/F-theory Compactifications,” Nucl.Phys. B841 (2010) 303–338,
0909.1842.
[93] T. W. Grimm, T.-W. Ha, A. Klemm, and D. Klevers, “Computing Brane and Flux
Superpotentials in F-theory Compactifications,” JHEP 1004 (2010) 015, 0909.2025.
[94] T. W. Grimm, T.-W. Ha, A. Klemm, and D. Klevers, “Five-Brane Superpotentials and
Heterotic / F-theory Duality,” Nucl.Phys. B838 (2010) 458–491, 0912.3250.
[95] H. Jockers, P. Mayr, and J. Walcher, “On N=1 4d Effective Couplings for F-theory and
Heterotic Vacua,” Adv.Theor.Math.Phys. 14 (2010) 1433–1514, 0912.3265.
[96] T. W. Grimm, A. Klemm, and D. Klevers, “Five-Brane Superpotentials, Blow-Up
Geometries and SU(3) Structure Manifolds,” JHEP 1105 (2011) 113, 1011.6375.
[97] M. Alim, M. Hecht, H. Jockers, P. Mayr, A. Mertens, et al., “Flat Connections in Open
String Mirror Symmetry,” JHEP 1206 (2012) 138, 1110.6522.
[98] F.-J. Xu and F.-Z. Yang, “Type II/F-theory Superpotentials and Ooguri-Vafa Invariants of
Compact Calabi-Yau Threefolds with Three Deformations,” 1206.0445.
[99] C. P. Burgess, J. M. Cline, K. Dasgupta, and H. Firouzjahi, “Uplifting and inflation with
D3 branes,” JHEP 03 (2007) 027, hep-th/0610320.
– 34 –
[100] R. Gwyn, M. Sakellariadou, and S. Sypsas, “Theoretical constraints on brane inflation and
cosmic superstring radiation,” JHEP 09 (2011) 075, 1105.1784.
[101] J. Bagger and J. Wess, “Supersymmetry and supergravity,”. JHU-TIPAC-9009.
[102] M. Dine, N. Seiberg, and E. Witten, “Fayet-Iliopoulos Terms in String Theory,” Nucl.Phys.
B289 (1987) 589.
[103] J. J. Atick, L. J. Dixon, and A. Sen, “String Calculation of Fayet-Iliopoulos d Terms in
Arbitrary Supersymmetric Compactifications,” Nucl.Phys. B292 (1987) 109–149.
[104] M. R. Douglas and G. W. Moore, “D-branes, quivers, and ALE instantons,”
hep-th/9603167.
[105] L. E. Ibanez, R. Rabadan, and A. Uranga, “Anomalous U(1)’s in type I and type IIB D =
4, N=1 string vacua,” Nucl.Phys. B542 (1999) 112–138, hep-th/9808139.
[106] V. Balasubramanian and P. Berglund, “Stringy corrections to Kahler potentials, SUSY
breaking, and the cosmological constant problem,” JHEP 11 (2004) 085, hep-th/0408054.
– 35 –
